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*. IMTRDUCTICY,

This paper dcscl ibes the work at Harvoll using our Neutron
l'ile to rnr~ke a rangi. .,f gairna rttivb suwcos for industrial
radiogrTaphy.

Hitherto the term ganra ra liorpraphy has been confinod to the
use of th(e natural emitters vihosco nerries tirc hard and very
ponetrating. It is nur aim tu prz ducer; inexpe,,nsivuly artiftoial
sources covering a rangc of oncrjgiun fromn 100 kilcevolts to ovcr
I McV. Theseo will be; c )~ncmetcry to X-ray tubes and will have
the advnntailo of portability withuut inferior performance tc that
cf a tuibe.

In sclectini- suitanc Lesn for Lw' sources vie look for the

~long half-life. - The %ctivity cf all these emitters decays
exponentially at a ratc, chnracteristic of the element. This is
conrveniorntly expresscl as a half-life which is thtu time. within which
the activity of a s;urco fallo t,. h'lf its valuc. Half lives vary
wiaely fror. scoondis to =any yc:.rs, thc. usable extremes being
typified by the naturral ::ittrzPaI.n (2;.. as ancl Radiuma (1500
years). Half livcs a-s sh.rt as ,rO.o r incunver ient since -a lot
of activity is lust whil trao>r;n th, s.nurco to the work and.
it is a nuzi.;,nce c-.lculatinr- thu C;xp)surtes fo;r such a rapidly dying
sourcce.

The s-urcos sclcctuJ,. hcavQ half li~sof a n,.;anth ;,. tw,:. '.hich
gives a co)nvon-iont w'rking lif, . If shrter ha-lf livcs ar(e
permitd a nuiber --f othe-r z: i'cos could bo inclu:ded.

We -.ro)uld like, if vie r-ould, t'. find scveralI m.tcrinls en'-itting-
rays cf say 100 - 200 KcV; 30C - 500 Key; I I.eCV an,- 2 - 3 !.'LoV.
This-wrUll ena-ble the raai-rp7rapher to 1:ick .s-urcQ t,- g-ive mnximur
contrast dependintg on the thickness an,. density .f Z'ho .,ork to be
inspected.

Rftioactive cmnaae'ittcrs have ".n a;otg vcr X-ray tU:%e6
in giving off rays cf discrete energies rather thnn a continucus
speetriz.. This causes loss so ft scatteoring; an-' avrids filtering
prdblems. Gamma eritters scotimes have a ccomplex apectrum holerer,
consisting of a number of characteristic wavelengths. ;,s a, result
of this it is impossible to predict from knoviled'e -f a substance's
gamn energies exactly how it will perform in radirog-raphy and
experiment is necessary. This basic wiork of trying out the
radiogr'aljhic qualities of Olifferunt scurcs has been done by the
isotope grotr at Harwiull. It is of coursc clear that the dominating
feature is the gozma that. is hardest and the sources suitable fur
the lcz energy rangesc must be free frcr.m shortwave com,)oncnits.

Good Nuclear and :11hysical '-:rcoprtie;s

Besides the half lifo and eneri-, it is essential thpt the
substances have a lari!%. nuclear capture cross secti n for neutro
irrad2iatio~n.

several matorials have to be rejected- en this score because
they do not takce up activity rcadily and the result is a l0V
activity source which wiould needa extravagantly long exrposure times.

one could got ovcr this by haiving %. lnrge sized so~urce but such
peer resolutio)n woula result thait it ,-,:uld. not be worth while.



2. IST OF 3UITIUBLE ISOTOZS

liuro I shows suitable sources irrouped together under their
gLmma. energy ranee as hard, mcd iu. Cu Sort.

The hard class are all suitable for penetration of 2 inches
and upwards of steel with slight individual advantages in the matter
of long life, - speedy preprxation - short exposure timn etc.

In tho medium cncrgy cli.ss Iridium has by far the bust
chairactcristics as it activates rapidly to several curios giving a
superior small active source to the Selenium and Hffnium. Those
substnnces arc best fcr steul thicknessos of to 2 inches.

ThQ lo; encrgy rne is badily served. - 7c have found no
convenient sourcos except possibly Cc - 11144 a fission product
which ha-s recently boen'tried. Unfortunatcly, the vantd 220 kV
radiation is masked by a harder 1.25 !,'CV which is fLund tc = Jkc the
source act as though it ucrc one of this cncrt.r. The cortlrast to
be expected from 220 kV doces not appear.

3. SOURCE DETaJLS

X-Radiographers are used to sources of radiation of sevcral
square millimctres nroa. To tis und, w:e h.vc stand-rdis4d our
sourco sizes as cylinders h:aving diametcr equal t6 length with
dircnsicns 6 m; 4 ram; 2 rn; arnd in c-rtain cases I z.

The -ctivity require.d is usually in hundreds of rillicuries,
which means a high value cf specific activity (mc/j'am).

Fcrtunatcly materials like Iriiio.aan,. Co-.lt ca.n b activatcd
tc several curies/ a., , figure in excess of natur:.l radiu.

For convenicncc of hu2.-in nd latcllin: -hcse sources have
been enclosed in standard C-.,.su!s of an -uninium allcy. Figure 2
shows the 2 rm; 4 =za; and 6 r.. scurco bcfcre enclosure in the
aluminium capsule *nd also a scaled !nd labelled capsule. Theso
capsules arc the standard h',2L£r fcr all cur szurc-o an. serve tc
protect thL bcta omission from the source, Jintify the s':u'ce size
and typC by a letter and serial nur-r-r and also to provie a. fixin-
tag to secure the source. In cases where the clerunt is not metallic
such as zu203 - a powader pressing diu has bon used tc cuo.res a
cylindrical pellet from th,. available xile or salt. This is
illustrated in Figure 3 which shcws the die ana a pa:.r of f:)rccps
holding a pressed powder source.

Lt the present time no stock rf ready-activated sources exists
and irradiations arc made in the Pile tr aL customcr's order. This
may take weeks or months dependi c on the activity required an(! the
source size.

In the majority of cases the activity is acquired by neutron
capture and sources of this ty-po can be returned to Harvill fur
re-irradiation or "htting-up" when their strcngth has decaycd
below a useful figure. In this jay continuous service can be had
from a source and many users kccp two sources, one bcin.; activated
and the other in use.

"'tivity of sources is mcasurcdby gamma ionisation methods
and expressed in millicurics. This has the advantage that only a
single figure need be quoted whereas if the ionising propeaties
were given it is necessary to specify tire and range, c.g. milli-
rgntgons/hour at I metre. Since millicuries arc solely a
disintegration rate - intcrcomparison of different kinds of sources
-is meaningless. Exposures ca-c measurod in "millicuric-hours" nmoaing
so many hours exposurc for a source streng;th of so many millicurics.

-2-



;Owing to the complex gamma spcctre of many of the elements
their penetration characteristics arc not predictablc and we have

preared exposure dcnsity curves for the different typos of source
giving film density against exposure for a family of stool thick-
nesses.

The whole affair is reduced tc the utmost sixT licity by our

issuing writh every source a calibration chart shoring the decay
of millicurics vrith time - Figure 4.

This taken in conjunction with the exposure chart showrs
immeiately the time uf ex;osurc noeedud for tiny given steel
penetration.

F~iCuro 5 shows an intcrcdopriscn f various different sources'

e;x!)'zure tines to prudLce unity film density throulgh different
thicknzesses of steol. .ll these g'raplhs -xre supplied free to users

in the form of data sheets for the principal sourecs vie make.

The cxposure graiph does not zhow contrast directly, but may be

inferred from the slopes of the curves. Icnetrnjrctcr tests arc so

mizloa irng that I prefer n, t to quote them but undcr suitable

conditiLfns figures of btwccn I and 5 per cent can be obtained -

results in fact conparnble to those expected by X-ray methcds.

The films uscd are the normal X-ray or fine .;ain X-ray types

ana we hive found lead screens of .005 inches and .010 inches for

frznt and back are slightly better than the rather thinner ones
cu.'':rci.lly avail ole.

Fi'uorc 6 shears a. panoramic test cxposure in progress of thu kind

that led to the preparation cf o-ur ex)psurc-density curves. The

lead c: ntaincr is cne of cur 2a dcsign having I inches ef lead

wall which can be used for a "pro jection" exposure cr for pancramic

. -ithdra1-l of the source cn an articulatcd handling rod as shCV.

i ,rill be noticed that steel slabs have been used rather th.n

stcpwodges as vie have found results frczm these t, be more consistert.

FiLurc 7 shcxes the container and ha ndling too.l .:ith the front

open for a "projection" exposure.

Lead containers are ncw being sold by four manufacturers suitable

for holding our standard sources.

Tht sources in current use are cobalt 60, autalm 182 anxd

iriditum 192. These have bccn found to combine the most desirable

characteristics and arc superior to the others listed. The Is tcp

Division at Harwvell will be clad tu advise on the use of o'r sources

which have already found vide use in industry both here and o.n the

Cont inent.

4. CIRL LTIGN

!r. W. S. Eastviocd (50)
.Standard Circulation.
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Coba.It 60 5.3 7 1.1; 1.31

EuwopLms 156 5 y .12; .34; .4.1; 1.2;

Tantalum 182 120 d .15; .22; 1.131 1.221

AMtkM' 124 60 4 .12; .61; .65; .73; 1.7; 2.0;

oandtim 46 85 A .88; 1.12;

IzL--&- 192 70 4 .30; .7; .60;

Soea±Lm 75 127 4 .12; .14.; .27; .4;

afnu m 181 46 4 .52; .3;

Corum 144 275 d Vana

lPra*Oodymiu 1. 1,25 ; 0.22;

q"';. 2.



,'T~ 3.*

a~ -'

misaw 'Sn.'. ~rvt

as
gfleS.Mfl -

_ ... Sad-

- -- - .~ Us
-__w-.

-a -4 ~ E~

Pru. ~



4" o

it IV' bal

-iraeiris

no y Jw4mn'a et



WAF



rdstt]

2 1 '. jw e:/., 4;

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944
Fort Belvoir, VA 22060-6218
U.S.A.

AD#: AD0002010

Date of Search: 8 Jun 2009

Record Summary: AB 15/1833
Title: Preparation and use of pile - made gamma sources for industrial radiography
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) AERE I/R638
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.
The document has been released under the 30 year rule.
(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.


